Terminal alkynes (HC≡CR') (R' = COOMe, CH 2 OH) insert into the metal-carbyne bond of the diiron complexes [Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(NCMe)(Cp) 2 ][SO 3 CF 3 ] (R = Xyl, 1a; CH 2 Ph, 1b; Me, 1c; Xyl = 2,6-Me 2 C 6 H 3 ), affording the corresponding µ-vinyliminium
Introduction
We have recently shown [1] that terminal alkynes (HC≡CR') insert into the metal-carbon bond of diiron µ-aminocarbynes [Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(NCMe)(Cp These reactions, providing C-C bond formation at the µ-aminocarbyne carbon [3] , represent a remarkable result of our ongoing studies on the reactivity of diiron µ-aminocarbyne complexes containing nitrile ligands [4] . Interestingly, the insertion of primary alkynes is regiospecific: in all of the cases examined, the C-C bond was formed between the bridging aminocarbyne and the unsubstituted acetylene carbon, placing the more hindered R' group far from the iminium moiety (Scheme 1). If the substituents at the iminium nitrogen are not identical (R ≠ Me), isomers originate by their different orientation with respect to the C=N double bond. In particular, when R = Xyl, the preferred orientation is that with Xyl cis to C β .
Insertion of disubstituted acetylenes has also been described, although limited to the symmetrically disubstituted R'C≡CR' (R' = Me , Et) [1] . Herein, we present an extension of our studies to primary alkynes containing functional groups (CO 2 Me, CH 2 OH), and unsymmetrically disubstituted alkynes. The aim is to establish to what extent the insertion reaction is influenced by the steric hindrance and nature of the acetylene substituents. Finally we want to study in more details the stereo and regiochemistry of the insertion reaction.
Results and discussion

Insertion of monosubstituted alkynes
The reactions of [Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(NCMe) (2-6) (Scheme 2). The presence of functional groups (hydroxy or carboxylate) in the alkyne does not affect its insertion into the metal-carbyne bond, which occurs as previously described [1] . characterized by an X-ray diffraction study and the structure of the cation is shown in Figure   1 . The stereogeometry is that expected and equivalent both in conformation and bond values to that just reported for [Fe 2 {µ-σ:η 3 C(SiMe 3 )=CHC=N(Me)(Xyl)}(µ-CO)(CO)(Cp) 2 ] + [1] , in which the -SiMe 3 group takes the place of CO 2 Me. Orientation of the iminium substituents corresponds to the E-isomer (Scheme 3), with the Xyl group pointing far from the Cp ligand.
Relevant bond parameters are listed in Table 1 and the only comment is that the substituent groups do not have significant effects on the molecular conformation and bond distances.
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The insertion of HCCR' into the Fe-C bond reported in Scheme 2 is regiospecific and the CR' termination (R'= CO 2 Me, CH 2 OH) is bound exclusively to Fe, presumably to avoid steric interactions with the N-substituents. This is indicated in 1 H NMR spectra of 2-6, by the observed resonance in the range 3.9-5.5 ppm, which is attributable to C β H. Furthermore, no signal is detected in the low field range expected for a C γ H (at about 12 ppm) which would be generated by the opposite insertion mode [1, 5] .
The NMR spectra of 2, 3 and 5 reveal the presence in solution of two isomers (E and Z) generated by different orientations of the Me and R substituents in the iminium moiety.
Accordingly, complexes 4 and 6 having identical N substituents, exhibit one isomer only. In compounds 2 and 5 containing nitrogen substituents (Xyl and Me) with different steric hindrance, the E-isomer (Scheme 3, and Fig.1 ) largely prevails. As previously shown [1] , the 1 H NMR data allow to distinguish between E and Z forms, because the N-Me resonance in the E isomer usually falls in the range 4.1-4.3 ppm, whereas it appears about 0.7 ppm upfield shifted (in the 3.4-3.6 ppm range) in the Z form. Moreover, NOE studies on the major isomer of complex 2 confirm that the methyl group on the nitrogen points far from the C β -H and close to one Cp ligand; indeed irradiation of the N-Me resonance (4.05 ppm) resulted in small but significant NOE enhancements of the resonances due to one Cp ligand (5.34 ppm) and the two methyl groups on the Xyl ring (2.29 and 1.73 ppm), whereas no effect has been detected on the resonance due to the C β -H.
Scheme 3
The 13 C NMR spectra of 2-6 exhibit resonances for the C α , C β and C γ carbons (e.g. for 4 at 223.1, 51.9 and 183.2 ppm, respectively) that are similar to those previously reported for analogous vinyliminium complexes [1] : some slight differences are in line with the electronwithdrawing character of the R' substituent. Cp resonances appear up field shifted). In order to establish whether these differences correspond to significant changes in the geometry, the X-ray molecular structure of 8 has been determined. The latter is shown in Figure 2 and some important configuration novelties are evident: i) the Cp ligands are mutually trans (trans-8) while they are cis in 2 ( Figure 1) ; ii) the iminium group -N(Me)(Xyl) is rotated by 180° with respect to 2, producing a Z isomer.
The 1 H NMR data of 8 and 9 are in good agreement with the geometry observed in the solid state and shown in Figure 2 . Resonances due to the N-Me protons in 8 and 9 occur at 3.61 and 3.63 ppm respectively, that is in the range expected for Z isomers.
Fe (1) Fe (2) C (3) C (4) C (15) C (1) O (1) C (2) O (2) C (17) C (21) C (26) C (22) C(16) N C(6) C (9) C(5) C (7) C (8) C (10) C (11) C (14) C (12) C(13) In order to investigate its stability, trans-8 has been dissolved in THF and heated at refluxing temperature for 60 min. The treatment has resulted in a complete isomerization to cis-8, as ascertained by an X-ray diffraction study. The structure (Figure 3 ) also shows that E-Z isomerization has not taken place under these conditions. NMR studies evidence that cis-8 retains the Z-configuration also in solution. In particular, the NMe protons resonate at 3.37 ppm, as expected for a Z-isomer. Furthermore, the configuration of complex cis-8 in solution has been confirmed by NOE studies, which reveal strong enhancement of the resonance due to the N-Me when the C β -Me is irradiated. Thus, the methyl on the nitrogen points towards the C β -Me, as expected for a Z-isomer and, consequently, the Xyl group points towards one Cp ligand. Accordingly, NOE is shown between the Xyl group and one Cp ligand.
Additionally, a significant NOE has been detected between the two Cp ligands, as expected from the relative cis-geometry. Coherently, analogous investigations carried out on trans-8 have not evidenced any NOE between the cyclopentadienyl rings.
An analysis of corresponding bond distances in trans-8, cis-8 ( Table 2 ) and 2 (Table   1) shows that the observed different geometries (E-Z and cis-trans) have no effect on all the relevant bond distances.
Fe (1) Fe (2) C (2) O (2) C(3) C(15) C(4) C(5) C (7) C (1) O (1) C (21) C (17) C (9) C(10) C (11) C (26) C (22) C (12) C (13) C (14) C(6) N C (16) C(6) The observed isomerization is not surprising, since cis-trans interconversions are rather common in the diiron frame Fe 2 (µ-CO)(CO) 2 (Cp) 2 . Adams and Cotton put forward a mechanism for the cis-trans isomerization of [Fe 2 (µ-CO) 2 (CO) 2 (Cp) 2 ] which is now a textbook example of the dynamic behaviour of metal carbonyl compounds [7] and cis-trans interconversion has been investigated in other related dinuclear complexes with µ-alkylidenes
[8], µ-CNR [9] , and µ-vinyl [10] .
Analogous behaviour has been observed for [Fe 2 {µ-σ:η 3 - (9). Its synthesis from the chloride complex [Fe 2 {µ-CN(Me)(Xyl)}(µ-CO)(CO)(Cl)(Cp) 2 ] affords trans-9, which in turn isomerises to cis-9 upon heating in THF at reflux.
Since the observed trans to cis isomerization is temperature dependent, the formation of vinyliminium complexes from chloride precursors, which can be performed at room temperature, appears to be the most favourable route for obtaining trans isomers. However, it should be noted that the same synthetic method, when applied to primary alkynes, exclusively yields cis-isomers. Therefore the formation of trans-8 and trans-9 is strictly related to the nature of disubstituted alkynes: 2-butyne and 3-hexyne. 
Insertion of 2-hexyne
Insertion of an unsymmetrically disubstituted alkyne, like 2-hexyne, into the µ-carbyne−iron bond of 1a, potentially gives rise to eight different isomers, because of the possible E-Z, cis-trans geometries and head-head and head-tail insertion modes. show NMe signals at about 3.6 ppm, indicating that the methyl group points toward the C β (Z orientation). The predominant isomers (trans-13 and trans-14) are the result of the two possible insertion modes of 2-hexyne into the Fe-carbyne bond: trans-13 shows a methyl group on C β and a CH 2 CH 2 CH 3 group bound to C γ ; trans-14 exhibits the opposite sequence. 
Scheme 6
The formation of 13 and 14, as well as 15 and 16, shows that the insertion of 2-hexyne is not regiospecific, as that of primary alkynes (HC≡CR'). The latter is presumably a consequence of the relevant difference in steric demand between H and R'.
Conclusions
Our studies on alkynes insertion into the Fe-carbyne bond have been extended to a number of mono-and di-substituted alkynes with the aim to investigate the nature and geometry of the isomeric species formed. We have found that the stereochemistry of the reaction largely depends on the nature of the alkyne. Insertion of primary alkynes is regiospecific and the products exclusively exhibit cis-geometry. Moreover iminium substituents (Me, Xyl) preferentially adopt one of two possible orientations, corresponding to the E isomer. By contrast, the insertion of disubstituted alkynes (2-butyne, 3-hexyne, 2-hexyne) yields both trans and cis isomers. The latter appear more stable and trans to cis isomerization occurs 13 upon thermal treatment. Insertion of disubstituted alkynes, in place of primary alkynes, results in higher steric hindrance on the C β position of the vinyl iminium ligand and this has two important consequences: i) the iminium substituents (Me, Xyl) adopt opposite orientation with respect to that found with primary alkynes and corresponding to the Z isomer; ii) the insertion lose its regiospecific character and both insertion modes (head-head or head-tail) are observed.
However, our findings demonstrate that the insertion of alkynes has a general character and tolerates functional groups, which should expand the reactivity of the bridging vinyliminium ligand that we are investigating.
Experimental
General
Reactions were routinely carried-out under nitrogen using standard Schlenk-line techniques.
Solvents were distilled immediately before use under nitrogen from appropriate drying agents.
Glassware was oven-dried before use. Infrared spectra were recorded on a Perkin-Elmer 983-G spectrophotometer. All NMR measurements were performed on Varian Gemini 300 and Mercury 400 instruments at room temperature. The chemical shifts for 1 H and 13 C are referenced to internal TMS. Unless otherwise stated, NMR signals due a second isomeric form (where it has been possible to detect and/or resolve them) are italicized. NOE measurements were recorded using DPFGSE-NOE sequence [11] . All the reagents were commercial products (Aldrich) of the highest purity available and used as received.
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Syntheses of [Fe 2 {µ-σ:η 3 -C(CH 2 OH)=CHC=N(Me)(R)}(µ-CO)(CO)(
Synthesis of trans and cis isomers of Fe 2 {µ-σ:η 3 -C(Et)=C(Et)C=N(Me)(Xyl)}(µ-CO)(CO)(Cp) 2 ][SO 3 CF 3 ] (9)
Complex trans-9 was obtained with the same procedure described for trans-8, using
[Fe 2 {µ-CN(Me)(Xyl)}(µ-CO)(CO)(Cl)( Cp 2 -13, trans-14, cis-13, cis-14 (isomer ratio: 10 : 4 : 3 : 1 
Crystallography
The X-ray intensity data for 2, cis-8 and trans-8 were measured on a Bruker AXS SMART 2000 diffractometer, equipped with a CCD detector. For all crystals, a full sphere of reciprocal space was scanned by 0.3° ω steps, with the detector kept at 5.0 cm from the sample. Intensity control was monitored by recollecting the initial 50 frames at the end of the data collection and analyzing the duplicate reflections. The software SMART [13] was used for collecting frames of data, indexing reflections and determination of lattice parameters. The collected frames were then processed for integration by the SAINT program [13] and an empirical absorption correction was applied using SADABS [14] . The structures were solved by direct methods (SIR 97) [15] and subsequent Fourier syntheses and refined by full-matrix least-squares on F 2 (SHELXTL) [16] , using anisotropic thermal parameters for all nonhydrogen atoms. In 2, one cyclopentadienyl ring [bound to Fe(2)] was found disordered over two positions and the site occupation factors were refined yielding the values 0.65 and 0.35, respectively. Some disorder was also detected in the CF 3 SO 3 − anion of cis-8 for the fluorine and oxygen atoms which were refined over two sites yielding occupation factors of 0.70 and 0.50 for the main images of the O and F atoms, respectively. All hydrogen atoms, except the hydrogen bound to the C β carbon [C(4)] in complex 2 which was located in the Fourier map and refined isotropically, were added in calculated positions, included in the final stage of refinement with isotropic thermal parameters, U(H) = 1.2 U eq (C) [U(H) = 1.5 U eq (C-Me)], and allowed to ride on their carrier carbons. Crystal data and details of the data collection for all structures are reported in Table 3 . SCHAKAL97 has been used for the graphical representations [17] .
. Supplementary material
Crystallographic data for the structural analyses have been deposited with the Cambridge 
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